Ion sensitive field effect transistor (ISFET) [1] which widely used for the biosensor etc. is based on metal-oxide-semiconductor FET. By using the conventional semiconductor process technology, the miniaturization and integration of biosensor became possible. But a conventional FET-type ion-sensitive device has a problem that the improvement in the device performance conflicts with the improvement in the sensitivity. If the channel length of FET is enlarged to expand the sensing area, the current driving performance decreases as shown in Fig. 1 . Our proposed sensor is based on the transistor driven by the band-to-band tunnel [2] and suitable for detecting a small amount of ions because it has a current driving performance proportional to a sensing area. In this study, band-to-band tunneling transistors are fabricated, and the relation of the gate length and the drain current is investigated.
Introduction
Ion sensitive field effect transistor (ISFET) [1] which widely used for the biosensor etc. is based on metal-oxide-semiconductor FET. By using the conventional semiconductor process technology, the miniaturization and integration of biosensor became possible. But a conventional FET-type ion-sensitive device has a problem that the improvement in the device performance conflicts with the improvement in the sensitivity. If the channel length of FET is enlarged to expand the sensing area, the current driving performance decreases as shown in Fig. 1 . Our proposed sensor is based on the transistor driven by the band-to-band tunnel [2] and suitable for detecting a small amount of ions because it has a current driving performance proportional to a sensing area. In this study, band-to-band tunneling transistors are fabricated, and the relation of the gate length and the drain current is investigated. Figure 2 shows the structure of the transistor proposed by Chenmin Hu et al [2] . There is a stacked p/n junction under the gate oxide film. When applying reverse biasedvoltage among the source and drain, the current hardly flows. If applying minus voltage to the gate electrode, electrons tunnel from the valence band of the p type pocket layer to the conduction band of the n type region as shown Fig. 3 . By this tunnel effect, the band-to-band tunnel current flows among stacked p/n junction, and the drain current is output by biased voltage among the source and drain.
Device operation principle
Different from conventional MOSFET, one of the characteristics of this transistor is thought that the drain current is proportional to the gate length, because the current flows vertically from source to channel. If this transistor is applied to bio sensor, the high sensitivity can be expected, because the current flows near the adsorbed ion even if the adsorbed ions are few as shown in Fig. 4 .
Device fabrication
Transistors are fabricated on the p-type silicon substrate (resistivity 1kΩ-cm) having local oxidation of silicon isolation. N-type regions are formed by implantation of phosphorous ions at 165 kV. P-type pocket regions are formed by implantation of boron ions at 10 kV. Gate oxide film is set to 20 nm thick. The gate electrode is made of phosphorous-doped polysilion.
Result and discission
Typical properties of I d -V d and I d -V g characteristics for the fabricated transistor are shown in Fig. 5 . Good transistor properties are confirmed. To investigate an I-V characteristics further in detail, the gate electrode is divided into two. Figure 6 shows the I d -V d characteristics of the case (a) the gate electrode is only on the stacked p/n junction and case (b) the gate electrode is not on the stacked p/n junction but only on the channel among the n source and p drain. From the two characteristics, it is supposed that the drain current flows from n source to p drain directly, and the current tunneling to p pocket is very small. The current which directly flows from n source to p drain does not contribute to the ion-sensing. Then, it was tried to control the tunnel current from n source to p pocket by putting the two gate electrodes as shown in Fig. 7 . The drain current varies when the bias voltage to the gate A are changed with the fixed bias voltage to the gate B. It is supposed that the tunnel current from n source to p pocket is controlled by the gate voltage. Fugure 8 shows the variation of drain current when the number of gate A is changed. From this figure, it is confirmed that the drain current increases with enlarging the number of gate, thus the area of the gate electrode.
Conclusion
Biosensor based on band-to-band tunneling transistor is proposed and fabricated. By dividing gate electrode into two, the band-to-band tunneling is controlled by gate voltage. And the drain current increases by enlarging the area of the gate electrode. It is concluded that this transistor is suitable for bio sensing. 
